Research documents a U-shaped intraday pattern of returns. We examine which trade sizes drive the U-shaped pattern and find that intraday price changes from larger trades exhibit a U-shaped pattern whereas price changes from smaller trades show a reverse U-shaped pattern. We argue that price changes from smaller trades are higher during the middle of the day because informed investors break up their trades to disguise their information when intraday volume is low. Price changes from larger trades are likely higher at the beginning and end of the day because high volume allows informed investors to increase their trade size without revealing their information to the market.
I. Introduction
Research finds a peculiar intraday U-shaped pattern in returns (Wood, McInish, and Ord 1985; Harris 1986 ) as well as a U-shaped pattern in volume and the number of trades (Jain and Joh 1988; Chan, Christie, and Schultz 1995; Chung, Van Ness, and Van Ness 1999) . The literature provides several explanations for these persistent patterns. Copeland (1976 Copeland ( , 1977 shows in theory that the arrival of sequential information is disseminated to only one trader at a time, which suggests a positive correlation between volume and prices changes. Admati and Pfleiderer (1988) predict that informed trading occurs during periods of high liquidity volume, thus partially explaining the U-shaped patterns in price changes and higher volume. Foster and Viswanathan (1993) show that asymmetric information is higher at the beginning and end of the day, which supports the prediction of Admati and Pfleiderer.
The theory of Kyle (1985) posits that informed traders earn more profit when engaging in dynamic trading strategies or spreading their trades over time. Evidence of the stealth trading hypothesis, which posits that informed investors break up their trades into smaller trades to hide their information, is found by Barclay and Warner (1993) , Chakravarty (2001) , and Hansch and Choe (2007) . Together with the ex ante theories explaining the intraday pattern of returns and trading activity, stealth trading suggests that smaller trades will move prices when volume is low because informed traders do not want to reveal their information to the market. During periods of high volume, informed traders are able to increase their trade sizes because high volume provides a sufficient disguise for their information.
When examining intraday price changes of different trade sizes, we find that, indeed, price changes from larger trades exhibit a U-shaped intraday pattern whereas price changes from smaller trades typically show a reverse U-shaped intraday pattern. Our results are robust to trading during different tick-size regimes. We interpret these findings to be consistent with our conjecture that periods of high volume at the beginning and end of the day motivate informed traders to use larger sizes because higher volume disguises their information. We argue that when volume is low during the middle of the day, smaller trades move prices more because informed traders are breaking up their trades to hide their information. Karpoff (1987) surveys the evidence that reports a positive relation between volume and price changes and presents a simple model that shows that volume will be directly related to positive price changes. When further examining the relation between volume and price changes, we find that the relation is increasing across trade sizes. These results suggest that when volume is high, larger trades move prices more than smaller trades, which is consistent with our argument that informed traders can use larger trade sizes during periods of higher volume without revealing their information to the market.
Our findings present new evidence that the familiar U-shaped pattern in intraday returns is driven by larger trades. Combined with the other documented U-shaped patterns in volume and number of trades, our results support the notion that stealth trading occurs less frequently during periods of high trading activity because informed investors can reduce the time and cost of breaking up their trades and execute larger trades without revealing their information to other sophisticated traders. Kyle's (1985) theoretical model describes the behavior of insider (informed) traders in a single auction and a continuous auction setting and predicts that prices have constant volatility over time, suggesting that information is gradually incorporated into prices. By the end of trading, prices converge to their true value, or the value that reflects all relevant information. 1 The equilibrium property that we are most interested in is that informed investors will earn greater profit in the continuous auction than in the single auction. That is, informed investors maximize profits by strategically trading in a dynamic context. Wood, McInish, and Ord (1985) document a U-shaped intraday pattern in returns and standard deviation of returns, and Jain and Joh (1988) and Chan, Christie, and Schultz (1995) find that volume and the number of trades have a U-shaped intraday pattern. In attempt to explain the intraday pattern of trading activity and returns, Admati and Pfleiderer (1988) present a model that describes the behavior of liquidity traders and informed traders and the discretion over when they trade. For instance, liquidity traders prefer to trade when trading has little effect on prices. Admati and Pfleiderer argue that this intuition suggests that liquidity traders may have an incentive to trade together. In equilibrium, informed trading will be more prevalent during periods of concentrated liquidity volume. Furthermore, the model predicts that prices will be more informative in periods of high liquidity volume because more traders become privately informed if information acquisition is endogenous.
II. Prior Literature
Consistent with Admati and Pfleiderer (1988) , Back and Pedersen (1998) show that volatility follows the same pattern as liquidity volume, and Foster and Viswanathan (1993) find that adverse selection costs are higher during the beginning of the day, suggesting that informed trading occurs during the first few hours of the trading day. Our objective is to examine which trade sizes drive the U-shaped pattern in intraday returns.
The theory behind the Admati and Pfleiderer (1988) model and the Kyle (1985) model provides the framework for the stealth trading hypothesis. Barclay and Warner (1993) suggest that although the theories of Kyle and of Admati and Pfleiderer predict informed investors attempt to camouflage their trades by spreading them over time or trading during periods of high volume, theories regarding informed trading strategies ignore the possibility that informed investors break up larger trades into smaller trades so as to not reveal their information. 2 Barclay and Warner's original stealth trading hypothesis posits that if informed investors break up their trades into smaller trade sizes, most of the cumulative price change should occur in medium-sized trades-not too large to reveal information and not too small because of transaction costs. Barclay and Warner test the stealth trading hypothesis by examining 105 NYSE stocks that were tender offer targets in the early 1980s. Consistent with their hypothesis, they find that more than 92% of the cumulative price change occurs in medium-sized trades. Chakravarty (2001) further investigates the stealth trading hypothesis by distinguishing between institutional and individual traders. Chakravarty's investigation is motivated by several studies that show that institutions are more informed than individuals (Lo and MacKinlay 1990; Cornell and Sirri 1992; Chakravarty and McConnell 1997, 1999) . Using a sample of 97 NYSE-listed stocks that experience at least a 5% stock price increase, Chakravarty finds that nearly 80% of the cumulative price change occurs from medium-sized trades (500 to 9,999 shares) by institutions.
3 Furthermore, he finds that individuals make up very little of the cumulative price change. The findings of his analysis suggest that mediumsized institutional trades are driving the evidence supporting the stealth trading hypothesis.
In their investigation into trade size clustering, Alexander and Peterson (2007) find that trades cluster on rounded sizes that are multiples of 500, 1,000, and 5,000 shares. They find that rounded trades move prices more than unrounded trades, medium-sized rounded trades in particular move prices more than other trades. Alexander and Peterson argue that these trades are likely being executed by stealth traders. To overcome the potential that trade sizes and order sizes are different, Alexander and Peterson use data on orders as well as trades and find the results to be qualitatively similar.
Both Barclay and Warner (1993) and Chakravarty (2001) use data from the 1/8th tick-size environment. 4 Larger transaction costs may persuade informed investors to execute medium-sized trades as opposed to small trades. Hansch and Choe (2007) provide a thorough investigation of the stealth trading hypothesis from 1993 to 2003 and find that the distribution of informed trades shifts from mediumsized trades to small trades around 2000. They argue that part of the distributional shift is due to increased information access in the Internet age, but most of the shift is likely due to a decrease in transaction costs. Hvidkjaer (2006) finds that small sell trades by individuals outperform small buy trades by individuals, suggesting that stocks favored by individuals become overvalued and underperform stocks that are not favored by individuals. Hvidkjaer's findings suggest that individuals are relatively uninformed and add to the conclusion of Hansch and Choe that institutional investors are breaking trades into small sizes to disguise their information in the decimal tick-size environment. As transaction costs have declined, so has the lower bound on the size of stealth trades. Therefore, we anticipate finding, similar to Hansch and Choe, that most of the cumulative price change occurs in small (medium-sized) trades using data from 2005 (1995 and 1998) . Hasbrouck (1988) suggests that trade sizes provide important insights into the behavior of informed investors. We attempt to combine the theoretical predictions of Kyle (1985) and Admati and Pfleiderer (1988) with the stealth trading framework to determine which trades sizes move prices during the intraday. As Kyle argues, profit-maximizing, informed investors will choose an optimal trading strategy while accounting for time, which implies that informed investors may spread trades over time. Admati and Pfleiderer suggest that informed investors will trade during periods of high volume, not only because they wish to hide their information but also because markets are "thick," meaning their trades will not substantially move prices. Combining the theoretical predictions of Kyle and Admati and Pfleiderer, we expect that informed investors will execute larger trades during periods of high volume and break up their trades during periods of low volume.
III. Data Description
Similar to Chakravarty (2001) , we use a sample of NYSE-listed stocks for 64 trading days in three years. Following tests of stealth trading by Alexander and Peterson (2007) , we use three periods to compensate for different tick-size environments. In 1995 and 1998, stocks were traded in 1/8ths and 1/16ths, respectively. Since 2001, stocks trade in decimals. 5 To account for the different tick-size environments, we examine the second quarter (April 1 to June 30) of 1995, 1998, and 2005 and use the 200 most active (in terms of average daily volume) NYSE stocks for the second quarter of 1995, 1998, and 2005 (as long as the price is at least $5).
We obtain trade data from the Trades and Quotes (TAQ) database. We separate trades into trade size categories following Barclay and Warner (1993) , Chakravarty (2001) , Alexander and Peterson (2007) , and Hansch and Choe (2007) . Small trades are trades of 100-499 shares, medium trades are 500-9,999 shares, and large trades are greater than or equal to 10,000 shares. We also define finer medium trade-size categories similar to past research. Medium-low trades are trades of 500-1,999 shares, medium-mid trades are 2,000-5,999 shares, and medium-high trades are 6,000-9,999 shares. We break up the trading day into seven intervals.
We recognize an important limitation in our ability to test the stealth trading hypothesis during the intraday. Our preference is to use order data rather than trade data because of the possibility that orders are split and that the true trade size choice of the investor is not reflected in the trade size. However, we are unable to obtain order data and make the assumption that larger trades at the beginning and end of the trading day are highly correlated with larger orders. Alexander and Peterson (2007) use TORQ data from 1991, which is the only publicly available database 5 Barclay and Warner (1993) argue that informed investors will break up larger trades into mediumsized trades to avoid revealing their information and redundant transaction costs. Hansch and Choe (2007) find that around the time of decimalization, the distribution of informed trades shifts from medium-sized trades to small trades. They argue that although some of the shift is caused by individual investors being better able to obtain information in the information age, most of the distributional shift is likely from institutional investors breaking up trades into small sizes to avoid revealing their information. that consists of both orders and trades. They look for differences in trades and orders and argue, "If [no noticeable differences] are observed, then trade-size results using samples from larger and more recent TAQ data are likely applicable to orders" (p. 438). After examining TORQ data, they find that trade sizes are not significantly different from order sizes and the results appear robust for all trade-size categories. Therefore, they argue that using trade data instead of order data does not bias their results. Table 1 presents an initial test of the U-shaped intraday pattern of trading activity for each subsample. Panel A shows the difference between the number of trades in each intraday interval and the intraday mean for small, medium, and large trades in each tick-size regime. Similar to Chan, Christie, and Schultz (1995) , we find a U-shaped pattern in the number of trades. Panel B examines the intraday pattern of volume for each trade size and shows that intraday volume for each trade size is U-shaped. Panels C and D report the results for the different medium tradesize categories. The U-shaped pattern is generally found in the number of trades and intraday volume across the subsamples. The medium-high trade-size category does not exhibit a U-shaped pattern in volume for the 1998 and 1995 subsamples.
IV. Methods and Empirical Results

Methods
To determine which trade size drives the U-shaped intraday pattern in returns, we follow the methods of Barclay and Warner (1993) , Chakravarty (2001) , and Huang (2002) . The weighted price contribution (WPC) for each trade size in each interval is estimated to capture the contribution to a stock's price change by trades classified in specific trade sizes. We first define the price change as the difference between the current trade price and the price at the last trade. We calculate the cumulative price change by summing all price changes that occur in a given trade-size category for each stock over the sample of observations. We divide this sum by the cumulative price change for each stock and then estimate the weighted cross-sectional mean of the cumulative price change where the weights are the absolute value of the cumulative price change for each stock over the sample period. 6 We calculate the percentage of the cumulative price change in each trade-size category for seven intraday time intervals.
Although other measures of informed trading exist, Huang (2002) argues that the WPC is preferred to other measures because of its flexibility in cross-sectional analyses. Furthermore, Hansch and Choe (2007) use the WPC along with two other measures: the information share (Hasbrouck 1995) and the common factor weights (Gonzalo and Granger 1995) . Because they do not find qualitatively different results between the measures, we use Barclay and Warner's (1993) original stealth trading measure. 7 Similar to Chakravarty (2001), we also calculate the average price change per unit volume to isolate the magnitude of the price change relative to the trade size. We examine the cumulative and average price changes during the intraday intervals and expect that price changes from larger trades will be greater at the beginning and end of the day and price changes from smaller trades will be greater during the middle of the trading day.
Empirical Results
We begin our analysis by examining whether stealth trading exists in our sample of stocks for each period. Table 2 reports the WPC for each trade size along with the trading activity measures discussed in Table 1 . 8 For the 2005 sample, we find that small trades make up approximately 80% of the cumulative price change whereas they reflect only 55% of the number of trades and 12% of volume. These results are consistent with Hansch and Choe (2007) and Blau, Van Ness, and Van Ness (2008) . We also find that stealth trading is persistent during years in the 1/16th and 1/8th tick-size environment. Panel B reports that before decimalization, the WPC of medium-sized trades is 70% in 1998 and 63% in 1995. These estimates are consistent with Chakravarty (2001) , who documents that the cumulative price changes for medium-sized trades range from 65% to 78%.
Next, we examine the WPC of different-sized trades during seven intraday intervals. If stealth trading occurs less during periods of high trading activity, which are found at the beginning and end of the day in Table 1 , the WPC for smaller trades will be less during the beginning and end of the day and the WPC for larger trades will be greater during the beginning and end of the day. Looking at the first column of Table 3 , Panel A, we find that the percentage of the cumulative price change for small trades is substantially less during the first hour of trading than during the entire trading day. For the first hour of the day, 68.14% of the cumulative price change is made up of small trades whereas 32.93% of the cumulative price change is made up of medium trades. It appears that some of the distribution of informed trades shifts from small trades to medium trades during the first hour. However, contrary to our hypothesis, we find that in the last hour of the trading day, small trades make up the more of the percentage of the cumulative price change than during any other interval. These results may be explained by the findings of Foster and Viswanathan (1993) , who document that asymmetric information is higher at the beginning of the day than during the rest of the trading day, suggesting that more private information is being traded at the beginning of the day. In columns 4 though 6, we find that the distribution of informed trades shift from medium trades to large trades during the last hour of the trading day. However, it appears that in the first hour of trading, medium trades make up more of the cumulative price change than during any other interval. In the 1995 sample, we do not find the expected intraday pattern for medium trades.
To provide statistical tests of whether price changes for larger (smaller) trades increase (decrease) during periods of higher volume, we perform the following regression. (1) 
A Hausman test rejects the presence of random effects; however, an F-test suggests that there are observed cross-sectional differences. Therefore, the results from a fixed-effects regression are reported in Panel B.
The dependent variable is the WPC for stock i in interval t. The independent variables are six dummy variables that capture the first three and last three hours of the trading day. We estimate equation (1) for each of the different trade sizes and anticipate that the WPC for smaller trades will exhibit a reverse U-shaped intraday pattern and the WPC for larger trades will exhibit the familiar U-shaped pattern. A Hausman test rejects the presence of random effects, although we find observed differences across stocks. Therefore, we use a fixed-effects regression. Table 3 , Panel B reports the results from estimating equation (1). We find from the regression that small trades exhibit a significant reverse U-shaped intraday pattern (column 1). We find that large trades (column 3) drive the familiar U-shaped pattern in returns. In 1998 and 1995, we also find that price changes from large trades (columns 6 and 9) exhibit the familiar U-shaped pattern, which is consistent with our expectation. In 1998 and 1995, we find that the estimate for β 1 is significant and negative, suggesting that in the first hour of trading, price changes from small trades are significantly less than the omitted interval (12:30-1:00 pm). The results in Table 3 offer evidence for our expectation. That is, we find that large trades typically follow a U-shaped intraday pattern of returns. We also find, in our 2005 sample, that small trades move prices less in the first and last hours of trading than during the middle of the day, which suggests that larger trade sizes move prices more during the first and last hours of trading.
To provide a better test of our hypothesis using the data from 1995 and 1998, we use finer medium-sized categories. We expect that the distribution of informed trades shift from smaller medium-sized trades to larger medium-sized trades at the beginning and end of the day. Focusing on columns 4 through 9 of Table 4 , Panel A, we do not find a clear pattern using the univariate WPC measures. Panel B provides the results of estimating equation (1) for the different medium-sized trades. In columns 1 through 3 of Panel B, we find that smaller medium-sized trades exhibit a reverse U-shaped pattern in price changes and a weak U-shaped pattern in price changes for larger medium-sized trades. Consistent with our hypothesis, for 1998, we find that larger medium-sized trades drive the U-shaped intraday pattern in price changes. In 1995, we find that medium-mid trades exhibit a U-shaped intraday pattern in price changes and medium-low trades exhibit a weak reverse U-shaped pattern in price changes. Tables 3 and 4 show that larger trades drive the familiar U-shaped pattern in intraday price changes.
Following Chakravarty (2001), we examine the average price changes for different trade sizes during the intraday. We scale the price change (in cents) by the unit volume for each trade to control for the endogeniety between price changes and trade size. Our expectations for the analysis using the average price changes are the same as before. Table 5 reports the analysis using Chakravarty's measure of average price change. Panel A examines the difference between the average price change in each interval and the intraday average price change. Consistent with our expectations, small-trade price changes exhibit a reverse U-shaped pattern and Note: The cumulative price change is calculated following Barclay and Warner (1993) and Chakravarty (2001) . Med-lo consists of trades that range from 500 to 1,999 and med-mid (med-hi) consists of trades that range from 2,000 to 5,999 (6,000 to 9,999). A Hausman test rejects the presence of random effects; however, an F-test suggests that there are observed cross-sectional differences. Therefore, the results from a fixed-effects regression are reported in Panel B. large-trade price changes have a significant U-shaped pattern for the 2005 sample. The results are generally robust to the 1998 subsample, as large-trade price changes are U-shaped. We also note that medium-trade price changes exhibit a reverse Ushaped pattern, suggesting that stealth trading in medium sizes occurs less during the beginning and end of the trading day. We also estimate the following equation using a fixed-effects regression similar to equation (1).
ave price change i,t = β 0 + β 1 Time 1 + β 2 Time 2 + β 3 Time 6
The dependent variable is the average price change (in cents) per unit volume for stock i in interval t. The independent variables are four dummy variables that capture the first two and last two hours of the trading day.
Panel B in Table 5 shows that large-trade price changes exhibit the familiar U-shaped intraday pattern for the 2005 and 1998 samples. Furthermore, smalland medium-trade price changes are significantly less at the beginning of the day, suggesting that stealth trading occurs less during the beginning of the day. Although we do not document a U-shaped pattern in large-trade price changes for the 1995 sample, we report a reverse U-shaped pattern in the medium-trade price changes, which is consistent with the univariate results and suggests that stealth trading in medium-sized trades occurs less at the beginning and the end of the day. Table 6 reports the results for the different medium-sized categories. In the 1998 sample, we document that price changes from larger medium-sized trades exhibit the U-shaped intraday pattern. In the 1995 sample, we find that price changes from smaller medium-sized trades exhibit the reverse U-shaped intraday pattern. We do not find evidence of our expectation in larger medium-sized trades for the 1995 sample; however, in Table 1 , we report that volume from large medium-sized trades is not U-shaped, which likely affects informed trading in different trade sizes.
Evidence of the positive relation between price changes and volume is important when examining the intraday patterns of returns and trading activity. Karpoff (1987) shows that positive price changes are directly related to volume. Thus far, we have shown that price changes from larger trades typically drive the U-shaped pattern in returns documented in Wood, McInish, and Ord (1985) and Harris (1986) . We interpret our results to be consistent with the argument that informed traders will choose to stealth trade less during periods of high volume at the beginning and end of the day. We further test our conjecture by examining the relation between price changes and volume in each trade size.
To examine the relation between price changes and volume, we estimate the following equation: 
The dependent variables are the WPC and the average price change (in cents) per unit volume for stock i in interval t for trade-size category j. We regress the price change measures on volume for stock i during interval t and anticipate that the estimate for γ 1 will be increasing across increasing trade sizes. Using a Hausman test, we find observed differences across stocks and therefore estimate (3) using a fixed-effects regression. Table 7 reports the results using the WPC as the dependent variable. Consistent with our expectation, we find that the estimate for γ 1 is monotonically increasing from small trades to large trades. We test the differences in the coefficients and find that in Panel A, the estimate γ 1 for small trades is significantly less (at the 5% level) than for medium trades. Similarly, we find that the estimate γ 1 for large trades is significantly greater (at the 1% level) than for medium trades. We also report the results for the different medium trade sizes. We find that the relation between price changes and volume is monotonically increasing across the increasing medium trade sizes. 9 When examining Panels B and C, we find that the estimate γ 1 is also increasing across increasing trade sizes, supporting our expectation. When examining the different medium-sized trades, we generally find evidence of an increasing relation between price changes and volume (in Panel C, the estimate γ 1 does not increase from medium-middle trades to medium-high trades). Table 8 reports the results from estimating equation (3) using the average price change as the dependent variable. Similar to the findings in Table 7 , we find that the estimate γ 1 is monotonically increasing across trade sizes. Panel A reports an inverse relation between price changes and volume for small trades, no significant relation for medium trades, and a positive relation for large trades. The results are also apparent in Panel B. In Panel C we find that small-trade price changes and medium-trade price changes are negatively related to volume. However, the relation is significantly more negative for small trades (at the 1% level). We do not find that large-trade price changes are statistically different from zero, though the estimate is positive. When examining the different medium-sized trades, we find that the relation between price changes and volume is monotonically increasing across increasing medium trade sizes.
The results in Table 8 confirm the findings in Table 7 and support the notion that stealth trading occurs less during periods of high volume. To our knowledge, we are the first to document that large trades drive the positive relation between price changes and volume. Furthermore, the familiar U-shaped pattern in returns is apparent in large trades. We argue that ex ante theory predicts that informed traders, who do not wish to reveal their information to the market, will spread trades across time (Kyle 1985) as well as concentrate their trading during periods of high volume (Admati and Pfleiderer 1988) . Therefore, the distribution of informed trading will shift from smaller trades to larger trades during periods of high volume.
V. Conclusion
We determine which trades drive the familiar U-shaped pattern in intraday price changes documented by Wood, McInish, and Ord (1985) and Harris (1986) . After investigating stocks in the different tick-size environments, we document that large trades drive the U-shaped pattern in intraday returns as price changes from larger (smaller) trades are higher (lower) at the beginning and end of the day. The results are consistent with ex ante literature that predicts (1) that informed traders will execute trades during periods of high volume to camouflage their trades (Admati and Pfleiderer 1988) and (2) that profit-maximizing informed traders will optimize their trading strategy, dynamically spreading their trades over time to capitalize on their private information (Kyle 1985; Barclay and Warner 1993) . Although some informed traders are likely breaking up trades into smaller sizes so as to not reveal their information, informed traders are less inclined to execute smaller trades during periods of high volume. Therefore, we document that the distribution of informed trades shifts from smaller trades to larger trades during high beginning-and endof-day volume.
The literature documents a persistent, positive relation between price changes and volume. We find that the relation between price changes and volume is increasing across trade sizes. Price changes from smaller trades are negatively related to volume whereas price changes from larger trades are positively related to volume, findings consistent with our predictions. We believe the data offer support for the hypothesis that profit-maximizing investors stealth trade less frequently during periods of high volume because volume provides a sufficient camouflage for the investor's information. That is, informed investors use large trades when markets are thick; however, it appears that informed investors stealth trade during periods of low volume (Barclay and Warner 1993; Kyle 1985; Admati and Pfleiderer 1988) .
